INTRODUCTION {#sec1-1}
============

The global alarming increase in the prevalence of chronic diseases, as the most leading cause of death, has attracted considerable attention over the past decades.\[[@ref1][@ref2]\] A strikingly high prevalence of chronic diseases and their risk factors has been indicated among Iranian adults.\[[@ref3]\] Findings from numerous studies have confirmed the crucial role of life-style factors, in particular dietary intakes, on the etiology and management of chronic diseases;\[[@ref4][@ref5][@ref6][@ref7]\] however, the optimal assessment of dietary intakes as the principal challenge in this regard still remains unresolved. So far, various methods such as dietary recalls, food records, diet histories and food frequency questionnaires (FFQs) have been proposed for dietary intake assessment.\[[@ref8][@ref9]\] Each method has its own strengths and weaknesses.\[[@ref8][@ref9]\] Study objectives determine the most appropriate method of dietary assessment.\[[@ref9]\] Recall bias, embarrassment of participants, requiring well-trained interviewers and food coding in the dietary recalls might affect its validity and utilization.\[[@ref8][@ref9][@ref10]\] Despite the accuracy of food records, some weaknesses such as the possibility of change in the usual eating habits and the necessity of substantial training of participants cannot be excluded.\[[@ref8][@ref9][@ref10][@ref11]\] Most importantly, dietary recalls and records do not reflect participants' usual intakes.\[[@ref8][@ref9][@ref10][@ref12]\] To obtain long-term dietary intakes, nutritional epidemiologists have recommended the use of diet histories and FFQs.\[[@ref8][@ref9]\] The potential bias due to an un-standardized interview approach, time-consuming, lengthy and open-ended food lists in the diet histories, have considerably limited the application of this method.\[[@ref8][@ref13]\] Now-a-days, FFQs are the most widely used dietary assessment tool in large-scale epidemiological studies.\[[@ref14]\] The acceptability of FFQs is due to several important advantages of this method, such as low cost, ease of administration, computer processing, considering within-person variation and reflecting long-term intakes.\[[@ref14][@ref15]\] Some characteristics of FFQs, such as their length and complexity, which is mainly due to asking for detailed information on a long list of food items, portion sizes and food preparation methods could affect the accuracy of collected information.\[[@ref16][@ref17][@ref18]\] On the other hand, poorly designed FFQs without comprehensive food lists may lead to incorrect information and misclassification, which in turn could result in masking diet-disease relations.\[[@ref16][@ref17][@ref18][@ref19]\] Thus, the development of a comprehensive and appropriate FFQ is the cornerstone of nutritional epidemiological studies.

So far, several epidemiological studies using different FFQs have been performed amongst the Iranian population. All previously used FFQs in Iranian settings have mainly been consisted of the extensive list of foods and followed a food-based design.\[[@ref20][@ref21][@ref22][@ref23]\] However, the limitations and pitfalls in the accuracy of information that is provided using such FFQs have been described before.\[[@ref13]\] Worldwide, many epidemiological studies, including Korean,\[[@ref24]\] Japanese,\[[@ref25]\] Brazilian,\[[@ref26]\] Swiss,\[[@ref27]\] Bangladeshi\[[@ref28]\] and Zimbabwean\[[@ref29]\] studies have used dish-based FFQs. Typical Iranian dietary pattern is characterized by various mixed dishes, which contains several ingredients prepared in different ways. With no doubt, it is very difficult to estimate usual intake of single ingredients from various mixed Iranian dishes. To the best of our knowledge, no earlier study in Iran has used a dish-based FFQ or a FFQ with multiple-choice frequency response options. Furthermore, all previous studies in the country have used the interviewer-administered FFQs.\[[@ref20][@ref21][@ref22][@ref23]\] In the framework of the Study on the Epidemiology of Psychological, Alimentary Health and Nutrition (SEPAHAN) project,\[[@ref30]\] we designed a dish-based machine-readable semi-quantitative food frequency questionnaire (DFQ) with multiple choice frequency response options for the first time in Iran. The aim of the present paper is to describe how this dietary assessment tool was developed.

METHODS {#sec1-2}
=======

To develop the DFQ, we used the Harvard FFQ as a model,\[[@ref31]\] which assesses the dietary intake of a person in the preceding 12 months. The following steps were taken to develop the questionnaire: Construction of a list of commonly consumed Iranian foods, definition of portion sizes, determining the frequency response options for each food item and finally testing the face validity of the questionnaire in a pilot setting to check for the comprehension and feasibility.

Food list construction {#sec2-1}
----------------------

As the initial step, a comprehensive list of foods was prepared based on the information provided by local experienced nutritionists, considering all commonly consumed Iranian foods and mixed dishes. To avoid missing major food items, we listed foods commonly consumed by Iranians as meal (breakfast, lunch and dinner) or snack. From the comprehensive list of foods and mixed dishes, we selected those that were nutrient-rich (such as liver), consumed reasonably often (such as different types of bread), or contributed to between-person variations (such as sausage). Owing to the high consumption of mixed dishes among Iranian population, it is difficult for people to estimate usual intake of ingredients of those dishes. In contrast to previously designed FFQs in the country,\[[@ref20][@ref21][@ref22][@ref23]\] we focused on foods and mixed dishes rather than single ingredients. For example, Iranians consume potato through several mixed dishes such broth, olviyeh (potato salad), cutlet, different stews, etc., Certainly, it is too hard to estimate total potato intake of a person by asking participants to remember the frequency consumption of potato in the preceding 12 months. Participants may get confused while trying to add their usual potato intake that comes from different sources and it is highly possible that some potato-containing dishes be forgotten or ignored. However, it would be much easier for them to make an estimate of the amount and frequency of consuming every single dish. It is generally assumed that questionnaire length has a significant effect on the survey response rate\[[@ref16][@ref17][@ref18]\] as respondents get tired, bored and/or distracted by external factors. Furthermore, a lengthy questionnaire is less likely to be completed and returned.\[[@ref14][@ref32][@ref33]\] As we attempted to design a self-administered questionnaire, we pilot tested the comprehensive list of food items/dishes among a group of individuals (*n* = 35) in order to exclude some foods that were consumed rarely or never. Finally, these exclusions resulted in a list of 106 food items or dishes in the questionnaire. To simplify the completion of the questionnaire, we categorized food items into five major groups: (1) mixed dishes (cooked or canned: 29 items); (2) grains (different types of bread, cakes, biscuits and potato: 10 items); (3) dairy products (dairies, butter and cream: 9 items); (4) fruits and vegetables (22 items); and (5) miscellaneous food items and beverages (including sweets, fast foods, nuts, desserts and beverages: 36 items).

Determination of potion sizes {#sec2-2}
-----------------------------

Although portion sizes in FFQs are generally poorly estimated and do not contribute significantly to the between-person variations in dietary intakes, their quantification in a questionnaire will help better ranking of individuals in terms of their dietary intakes.\[[@ref18]\] In the DFQ, portion sizes for food items and mixed dishes were defined based on the most commonly consumed portion size for each item among Iranian general population. To increase precision and accuracy of estimates, we attempted to provide the portion sizes of foods and mixed dishes as a unit with the same perception for all people. To reach these portion sizes, we used reported portion sizes in dietary recalls and food records in our earlier studies. Furthermore, we pilot tested the preliminary FFQ by administering it in a group of adults (*n* = 35) to determine the most appropriate portion size for every single food item. A group of nutrition experts also discussed about the portion sizes to finalize the most suitable choice for each food item. For example, we used "loaf" for breads, "medium-sized plate" for cooked rice, "tablespoon" for raisins and "bag" for potato chips.

Frequency response options {#sec2-3}
--------------------------

Similar to the Harvard FFQ,\[[@ref34]\] we used nine multiple-choice options (for most food items) varying from "never or less than once per month" to "12 or more times per day" to estimate average frequency of different food intakes. The frequency response options for each food item were defined separately in a row against the food list. This is in contrast to the Harvard FFQ in which the frequency response options are indicated in the top of a column for all food items.\[[@ref34]\] For all frequency response options, we also mentioned the portion sizes repeatedly to simplify responding \[[Figure 1](#F1){ref-type="fig"}\]. The number of frequency response options was not constant for all foods. For foods consumed infrequently, we omitted the high-frequency options while for highly consumed foods, the number of multiple-choice options were increased. The frequency response options for the food list varied from six to nine choices. For instance, the frequency response for tuna consumption included six options, as follows: Never or less than once per month, 1-3 times per month, 1 time per week, 2-4 times per week, 5-6 times per week and 1-2 times per day. However, for tea which is consumed more frequently, the frequency response included nine options, as follows: Never or less than 1 cup per month, 1-3 cups per month, 1-3 cups per week, 4-6 cups per week, 1 cup per day, 2-4 cups per day, 5-7 cups per day, 8-11 cups per day and ≥12 cups per day). The pilot study on 35 subjects, which was conducted to test the face validity of the DFQ, assisted us to select proper number of response options for each food item in the list.

![Sample of questions and layout of the Harvard food frequency questionnaire (A) in comparison with the DFQ (B). Different number of response options for each food item, including portion sizes that are more familiar to Iranians, and including the response options of consumption frequencies for each food item are among the major features that have been considered in designing the DFQ](IJPVM-5-29-g001){#F1}

Calculation of food and nutrient intakes from DFQ {#sec2-4}
-------------------------------------------------

Using the DFQ, a daily value for each item can be calculated based on food composition, specified portion size and the average of reported frequency. For example, if a person reports to consume macaroni 2-4 plates per week, we can compute the daily intake of ground beef from this item according to this formula: 0.43 (3 (average number of plates per week) divided by 7 (number of days per week)) multiplying 50 (grams of ground beef in each plate of macaroni). Moreover, other mixed dishes in this FFQ contain ground beef such as barbecue, cutlet, etc., Therefore, total ground beef intake for a participant will be calculated by the sum of his/her daily ground beef intake from different food items in the list. The food composition of mixed dishes was determined based on common recipes consumed in the country. In addition, a group of five nutrition experts collected 15 home or restaurant recipes for each Iranian mixed dish that was included the DFQ. Finally, mean values of different ingredients of a mixed dish was considered as the final food composition details of that dish. Given the seasonal variation in the dietary intakes of some fruits and vegetables, in the DFQ participants are asked to mention the consumption frequency of such items during the months that those products are widely available in the market. In the calculation of fruit and vegetables, this factor has also been taken into account.

RESULTS AND DISCUSSION {#sec1-3}
======================

In the present article, we described the development and design of a dish-based, machine-readable, semi-quantitative FFQ (called DFQ) for the Iranian adult population. To the best of our knowledge, this is the first time that such a dietary assessment tool has been created in the country.

In general, FFQs have been proposed as the optimal instruments for dietary intake assessments in large epidemiological studies.\[[@ref14][@ref15]\] Data from FFQs can be used to elucidate diet-disease relations through ranking participants based on their usual dietary intakes. As shown by earlier investigations, this dietary assessment tool is not appropriate for estimating absolute nutrient intakes.\[[@ref14]\] Along with all dietary assessment methods, some potential disadvantages could also be noted about FFQs including recall bias, overestimation of dietary intakes particularly for rarely-consumed and healthy-perceived foods (e.g., fruit and vegetables), bias of current intake, misclassification and bias of pre-established food listing.\[[@ref8][@ref14]\]

In the DFQ, we focused on compiling a comprehensive list of foods to capture total energy intake.\[[@ref14]\] As discussed by well-known researchers in the field of nutritional epidemiology, total energy intake must be controlled for in almost all epidemiological studies.\[[@ref34]\] Moreover, the main objective of the current study was to develop an easy-to-use FFQ for future epidemiological studies in Iran. Given that longer questionnaires may cause respondent fatigue and poorer quality of gathered information,\[[@ref14][@ref31][@ref35][@ref36]\] we focused on nutrient-rich frequently consumed foods and dishes. We also included those foods that could explain the between-person variations in diet. Earlier FFQs that have been used in Iranian epidemiological studies were developed for the Tehran Lipid and Glucose Study (TLGS),\[[@ref21]\] the Isfahan Health Heart Program (IHHP)\[[@ref37]\] and the Golestan Cohort Study.\[[@ref22]\] These questionnaires included 168, 48 and 150 food items, respectively. The corresponding figure in our DFQ was 106. The difference in food items could be explained by the inclusion of food items in earlier questionnaires but dishes in the DFQ. Compared with previous Iranian FFQs, the principal discriminatory feature of DFQ was incorporating Iranian mixed dishes instead of including their ingredients. Since typical Iranian dishes usually consist of various ingredients, it is difficult for respondents to estimate their total intake of one ingredient which may be used in several mixed dishes. Inclusion of mixed dishes instead of their ingredients in a FFQ will not only facilitate participants' responding, but also will reduce the length of the questionnaire. Using the current approach of including mixed dishes instead of their ingredients could shorten the list of food items in the DFQ, shorten the time required to fill the questionnaire, decrease participants boredom and increase accuracy of dietary intake assessment. Furthermore, as cooking and other food processing methods affect the nutritional value of foods, including mixed dishes instead of food ingredients can better elucidate the relationship between diet and diseases. Some investigators believe that shortening of food list and using a unique recipe for all participants may lead to decreased accuracy and failure to estimate the total energy intake.

The frequency response section in the DFQ was composed of multiple-choice options. Although open-ended frequency responses would lead to enhanced precision and continuous variables instead of categorical ones, it has been shown that using multiple-choice frequency response options increases clarity and reduces errors.\[[@ref26][@ref38][@ref39][@ref40]\] However, it must be kept in mind that frequency options must be designed in a manner that covers all possible choices of consumption frequency responses in participants.\[[@ref31][@ref39]\] The number of options should range between 5 and 10;\[[@ref14]\] broadened response options with less than five choices would significantly limit the discrimination capacity, while excessive options may be confusing.\[[@ref14][@ref26]\] Between-persons variation for frequently and rarely consumed foods is distinguished at the high and low end of the scale, respectively.\[[@ref14]\] All previously used FFQs in Iran had open-ended frequency response options. The DFQ is the first FFQ in the country with multiple-choice frequency response options. We believe that the multiple-choice frequency response options will facilitate the completion of the DFQ as it can be filled by participants without the help of an interviewer (i.e., self-administered questionnaire). The frequency response choices in the DFQ are different from those in the Harvard FFQ. As consumption frequency of food items may vary in a broad range, we decided to include a unique set of frequency response options for each food item in the DFQ.

As generally portion sizes are poorly estimated, the inclusion of portion sizes in FFQs is still controversial.\[[@ref11]\] It seems that the large percentage of between-persons variation could be explained by consumption frequency, rather than portion sizes. Estimating portion size of foods is difficult for most participants.\[[@ref41][@ref42]\] However, it is important to recognize that calculation of absolute nutrient intake is impossible when information on portion sizes is not available.\[[@ref40]\] Some investigators have suggested to use the commonly consumed portion sizes for calculating nutrient intakes in case of missing portion sizes in a FFQ. This method has apparently resulted in reasonable estimates of nutrient intakes. For example, the correlations of nutrient intake obtained from FFQs with and without portion sizes were over 0.9.\[[@ref43]\] Presumably, inclusion of pre-specified portion sizes make questionnaire easier to complete by respondents. It has been proposed to include the most frequently consumed or traditional portion sizes in FFQs.\[[@ref26]\] This is what we have followed in designing the DFQ. Although earlier FFQs in Iran have included portion sizes, this information was mostly based on serving sizes recommended by the U.S. Department of Agriculture Food Guide Pyramid, not on the most frequently locally used portion sizes.

As previously mentioned, the DFQ is a machine-readable questionnaire. For this purpose, we developed an optical mark recognition (OMR) system that can distinguish the selected answer for each food item in the scanned pictures of questionnaires. Furthermore to convert selected consumption frequency responses option to exact intake of a food item, appropriate software was developed. Results from the pilot study showed the very high accuracy of the developed computerized systems. For large epidemiological studies, using this system will have a crucial role in reducing the expenses (e.g., staff, time) and errors that are inevitable while extracting data manually.

Various approaches have been used to assess the performance of FFQs including classic validation study and evaluation of the ability to predict expected diet-diseases correlation.\[[@ref37]\] Although, a classic validation study has not been conducted for the DFQ so far, we have recently indicated several established relationships between dietary factors and diseases using this tool.\[[@ref44][@ref45][@ref46][@ref47]\] Such findings can be interpreted as qualitative support for the validity of a questionnaire.\[[@ref38]\]

CONCLUSIONS {#sec1-4}
===========

The DFQ could be an appropriate dietary assessment tool for future epidemiological studies in Iran. However, before its application in large epidemiological studies, the validity and reliability of this newly developed FFQ should be assessed among different Iranian populations.
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